The effect on the right atrial pressure and oxygen saturation of expansion of the plasma volume by rapid infusion of 500 ml. 5 
The effect on the right atrial pressure and oxygen saturation of expansion of the plasma volume by rapid infusion of 500 ml. 5 per cent glucose has been studied in I4 patients with recent uncomplicated cardiac infarction, and in 5 patients with cardiogenic shock. The findings are contrasted with the effect of intravenousfrusemide (40 mg.) in 8 patients with recent cardiac infarction complicated by pulmonary congestion, as judgedfrom the chest radiograph.
The right atrial pressure and oxygen saturation are a useful guide to the haemodynamic state of the patient, and can be obtained without undue risk or disturbance. There is a high correlation between the right atrial oxygen saturation and the coronary prognostic index on admission to hospital.
Rapid infusion produced a significant increase in right atrial oxygen saturation in the uncomplicated patients; there was no rise in right atrial pressure, and pulmonary congestion was not produced. Three of the 5 patients with shock showed improvement in right atrial oxygen saturation without a rise in right atrial pressure, and 2 recovered. Frusemide produced improvement in both right atrial pressure and oxygen saturation in the patients with pulmonary congestion.
The favourable response to a fluid load in some patients suggests that an increase in filling pressure is sometimes needed in cardiac infarction to obtain an optimal ventricular response. A high venous pressure in patients without evidence of pulmonary congestion is not an indication for diuretic treatment. Detailed observation in patients with acute cardiac infarction may detect changes in myocardial function at an early stage. Monitoring may range from serial clinical observation to left heart catheterization (Nixon, Taylor, and Morton, I968; Cohn, Tristani, and Khatri, I969 Results (Tables i and 2) There is a good correlation between the right atrial oxygen saturation on admission and the coronary prognostic index (Fig. i) (Fig. 2) . The right atrial pressure was not significantly altered by the control observations or after infusion (Fig. 3 ).
There was a significant (p < 0o05) decrease in right atrial oxygen saturation in the heart failure group before the diuretic. The saturation was significantly (p <o os) increased by the diuretic (Fig. 4) . The right atrial pressure was unaltered during the control observations but was significantly (p < 0o05) reduced ( ll 5 patients in shock were infused on two occasions with similar results each time. Three responded with an increase in the right atrial oxygen saturation (Fig. 6) and a decrease or no change in the right atrial pressure (Fig. 7) .
One patient (D) failed to maintain this improvement and at necropsy was found to have an extensively infarcted left ventricle. The other two patients have left hospital. In one patient (C) the right atrial pressure increased after infusion, with a decrease in right atrial oxygen saturation. This patient died as a result of ventricular fibrillation and at necropsy was found to have a large infarct. The patient (E) who did not have a seriously raised right atrial pressure on admission and did not re- (Scheinman, Brown, and Rapaport, I969) that right atrial samples give similar information, even in cardiac infarction with failure or shock. Superior vena caval samples, which have been used for this purpose, may be misleading because of the preferential maintenance of cerebral blood flow under these circumstances.
Hutter and Moss (I968) found that a right atrial oxygen saturation below 55 per cent was an indication of serious haemodynamic disturbance in patients with acute cardiac iffarction. Our findings support this view, and the good correlation between the right atrial oxygen saturation on admission and the coronary prognostic index is an indication of the value of the measurement in the assessment of the outlook in the individual case. A fall in right atrial oxygen saturation may be produced by a reduction in the cardiac output or an increase in pulmonary congestion leading to a lower arterial saturation. In many cases both mechanisms will play a part, and the reduction of right atrial oxygen saturation is an early sign of deterioration.
As cardiac infarction is primarily a left ventricular disease, and the infarcted area tends to be stiffer than normal myocardium, the left ventricular filling pressure is of major interest in assessing the haemodynamic disturbance. However, the hazards of left heart catheterization make direct measurement of left ventricular or left atrial pressure undesirable except under special circumstances. The right atrial pressure is an indirect guide to the pressure changes in the left side of the heart (Cohn et al., I969; Loeb et al., I969 ). An increase in the volume of fluid in the circulation, and the effects of alterations in venous tone, will be evident on the right side of the heart as well as on the left. The right atrial pressure will generally be less raised than the left atrial pressure, as a greater filling pressure is needed to maintain the output of the diseased left ventricle. If the left atrial pressure rises substantially, however, an increase in pulmonary arterial pressure will put an additional load on the right ventricle and require a further increase in right atrial pressure.
In patients with shock after cardiac infarction, hypoxia or vascular reflexes may produce widespread peripheral vasodilatation and prevent the increase in filling pressure needed to maintain the best possible output from the damaged left ventricle. It has been suggested that under these circumstances a fluid load might have a beneficial effect on the circulation (Cohn et al., I969; Allen, Danzig, and Swan, I967; Nixon, Ikram, and Morton, I967) . Even if compensatory mechanisms are able to produce some increase in ventricular filling, evident as a raised right atrial pressure, the response may still be less than that needed for the best possible cardiac output.
A test infusion of fluid, as carried out in this study, is a useful guide to the need for expansion of circulating blood volume. A slow infusion of 5 per cent glucose is lost from the circulation before any haemodynamic effect can be evident, but a rapid infusion produces a definite but temporary increase in volume which can be maintained by further infusion of glucose or dextran if a sustained effect is needed. The frequent measurement of right atrial pressure and oxygen saturation allows termination of the infusion as soon as any deleterious effect is observed and minimizes the risk of producing serious pulmonary congestion.
The significant increase in right atrial oxygen saturation which we found after infusion in our patients without pulmonary congestion can be interpreted as indicating an increase in cardiac output. A response to the infusion seems likely as no change was found in the group.bmj.com on June 21, 2017 -Published by http://heart.bmj.com/ Downloaded from preliminary observation period. Right atrial pressure was not raised by the infusion, but if there had been any worsening of pulmonary congestion a fall in right atrial oxygen saturation secondary to a reduction in arterial oxygen saturation would have been expected. These findings suggest that the circulating blood volume is often below the optimal level in patients with cardiac infarction.
Three of our patients with shock showed improvement of the right atrial oxygen saturation after infusion, and right atrial pressure fell or was unchanged even though the initial pressure was raised. The poor prognosis in patients that do not respond to infusion has been noted by others (Allen et al., I967) . In one of our patients right atrial pressure rose and saturation fell, suggesting that the left ventricle could not respond to increased filling, and severe left ventricular damage was confirmed at necropsy. However, in the remaining patients the infarct was less extensive.
In our patients with radiological evidence of pulmonary congestion we measured the response to a rapidly-acting diuretic. Such treatment is often given under these circumstances, and may be essential to prevent fatal pulmonary oedema, but diuresis will not necessarily have a beneficial effect on left ventricular function which may require a high filling pressure. The right atrial oxygen .saturation was falling before the diuretic in our patients, and increased afterwards with a corresponding fall in right atrial pressure. Our technique does not allow a distinction between the effect on arterial oxygen saturation of relief of pulmonary congestion or of an improve--ment in cardiac output following the diuresis. Either of these responses would lead to an increase in right atrial oxygen saturation. Fur-,ther studies with arterial oxygen saturation measurements will be needed to clarify this point.
Conclusions
Patients with acute cardiac infarction and a low right atrial pressure may have an inadequate blood volume. Rapid infusion has a favourable effect in these patients and we suggest a wider trial of this treatment in acute cardiac infarction.
The procedure may be beneficial in patients with shock and may be used with caution when the right atrial pressure is raised.
In the absence of shock, pulmonary congestion or a high right atrial pressure suggests that infusion is not needed, but inappropriate diuretic therapy may be harmful as the damaged left ventricle needs a raised filling pressure.
We are grateful to the physicians of St. Bartholomew's Hospital for allowing us to study the patients under their care.
